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Abstract

In the last 25 years, Moore's Law has transformed society, delivering exponen
better computers at exponentially lower prices. Bioinformatics is the applicatiol
powerful, affordable information technology to the problems of biology. With
$2500 desktop PCs now delivering more raw computing power than the first C
bioinformatics is rapidly becoming the critical technology for 21st Century biolg

DNA is legitimately seen as a biological mass-storage device, making

bioinformatics asine qua norior genomic research. Others areas of biological
iInvestigation are equally information rich — an exhaustive tabulation of the E&
biodiversity would involve a cross—index of the millions of known species agair
the approximately 500,000,000,000,000 square meters of the Earth's surface.

Bioinformatics is also becoming a scholarly discipline in its own right, melding
Information science with computer science, seasoning it with engineering met
and applying it to the most information rich component of the known universe -
the Biosphere.
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What is Bioinformatics?

Bioinformatics Is:

® the use of computers in pursuit of bigical
research.

® an emeging new discipline, with its own
goals, research pgoam, and practitioners.

® thesine qua norior 21st Centur biology.
¢ all of the above.
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Topics

Biotechnology and information technology will be th
“magic” technologies of the 21st Century.

Moore’s Law constantly transforms IT (and everythi
else).

Information Technology (IT) has a special relations )
with biology.

21st-Century biology will be based on bioinformaticg

Bioinformatics is emerging as an independent
discipline.

A connected, federated information infrastructure fdy
biology Is needed.

Current support for public bio-information
Infrastructure seems inadequate.
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Introduction

Magical
Technology




Magic

To aperson from 1897, much current
technol@y would seem like n@c.
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Magic

To aperson from 1897, much curren
technol@y would seem like n@c.

What technolgy of 2097 would seem
magical to aperson from 19977

/Candidate: Biotechnology so advanced that the distinction
between living and non-living is blurred.
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Magic

To aperson from 1897, much curren
technol@y would seem like n@c.

What technolgy of 2097 would seem
magical to aperson from 19977

/Candidate: Biotechnology so advanced that the distinction
between living and non-living is blurred.

Information technology so advanced that acce
to information is immediate and universal.




Moore's Law

Transforms InfoTec
(and everything else)




Moore's Law: The Statement

Evely eighteen months, the
number of transistors that can
beplaced on a clmdoubles.

Gordon Moore, co-founder of Intel...}
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Moore’s Law: The Effect
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Moore’s Law: The Effect

Three Phases of Novel IT Applications

® It's Impossible
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Moore’s Law: The Effect

Three Phases of Novel IT Applications

® It's Impractical
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Moore’s Law: The Effect

Three Phases of Novel IT Applications

® |t's Overdue
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Moore’s Law: The Effect
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Cost (constant performance)
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Cost (constant performance)
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Cost (constant performance)
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IT-Blology
Synemism




IT Is Special

Information Technolgy:

¢ affects the performanand the
management of tasks
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IT Is Special

Information Technolgy:
®

¢ allows the manipulation of huge
amounts of highly complex data
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IT Is Special

Information Technolgy:

® affects the performanand the
management of tasks

® allows the manipulation of huge
amounts of highly complex data

® s incredibly plastic

(programming and poetry are both exercises in pure thought)

® Improves exponentiallymoore's Law)




Biology Is Special

Life is Characterized\yb

® individuality
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Biology Is Special

Life is Characterized\yb

® historicity
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Biology Is Special

Life is Characterized\yb

® contingency
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Biology Is Special

Life is Characterized\yb

® high (digital) information content
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Biology Is Special

Life is Characterized\yb
® individuality
® historicity
® contingency

® high (digital) information content

(No law of large numbers...
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Biology Is Special

Life is Characterized\yb
® individuality
® historicity
® contingency

® high (digital) information content

(No law of large numbers, since every
Uiving thing Is genuinely unique.

}_
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IT-Biology Synergism

® Physics needs calculus, the method for
manipulating information about
statistically large numbers of vanishingly
small, independent, equivalent things.
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IT-Biology Synergism

® Biology needs information technology, the

method for manipulating information
about large numbers of dependent,
historically contingent, individual things.
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Biology Is Special

For it is in relation to the statistical point of view
that the structure of the vital parts of living
organisms differs so entirely from that of any
piece of matter that we physicists and chemists
have ever handled in our laboratories or
mentally at our writing desks.

[ Erwin Schrodinger. 1944What is Life ]
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Genetics as Code

[The] chromosomes ... contain in some kind of code-
script the entire pattern of the individual's future
development and of its functioning in the mature state.
... [By] code-script we mean that the all-penetrating
mind, once conceived by Laplace, to which every
causal connection lay immediately open, could tell
from their structure whether [an egg carrying them]
would develop, under suitable conditions, into a black
cock or into a speckled hen, into a fly or a maize plant,
a rhodo-dendron, a beetle, a mouse, or a woman.

{ Erwin Schrodinger. 1944What is Life ]—
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One Human Seguence

/We now know that A
Schrodinger’'s mysterious
human “code-script”
consists of 3.3 bhillion
base pairs of DNA.
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One Human Seguence

/We now know that A
Schrddinger’'s mysterious
human “code-script”
consists of 3.3 billion
base pairs of DNA.

\_ )

A4

Typed in 10-pitch font, one human sequence would stretch for
than 5,000 miles. Digitally formatted, it could be stored on one
ROM. Biologically encoded, it fits easily within a single cell.

ore
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One Human Seguence

4 . . :
A variant of this factoid actually
made it intoRipley’s Believe It or
Not, but that’s another story...

-

Reeys—Believe It orNot!

N\
=W B %
i *‘7//1“\\?&\

CF THE PNA BLEMENTS COMPRISING
A GINGLE HUMAN CELL WERE HETTEN

I 12-POINT TYPE, THE LETTER
STRING WOULD STRETCH OVER
10,000 MILES ~ _—

ri "{"ﬁ,

-8
2

Dist by Linked Featura Syndicata, Inc.

Sl AT AN {86

SURMITIRD Y EOBEET ROBBHS SEATTLE, WasH.

For details on Ripley’s interest in DNA, see
HTTP://LX1.SELU.COM/~rjr/factoids/genlen.html
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Bio-digital Information

DNA Is a highly efficient digital storage device:

® There Is more mass-stgecapacy in the
DNA of a side of beef than in all the hard driv
of all the world’s computers.

€S
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Bio-digital Information

DNA Is a highly efficient digital storage device:

¢ Storing all of the (redundant) information in al
of the world’s DNA on computer hard disks
would require that the entire surface of the Earth
be covered to a depth of three miles in Conner,
1.0gB drives.

S7



Genomics:
An Example




Human Genome Project - Goals

— construction of a high-resolution genetic map of the human
genome,;

fUSDOE. 1990.Understanding Our Genetic Inheritance. i
LThe U.S. Human Genome Project: The First Five Years
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Human Genome Project - Goals

— production of a variety of physical maps of all human
chromosomes and of the DNA of selected model
organisms;

fUSDOE. 1990.Understanding Our Genetic Inheritance. i
LThe U.S. Human Genome Project: The First Five Years

60



Human Genome Project - Goals

— determination of the complete sequence of human DNA and
of the DNA of selected model organisms;

fUSDOE. 1990.Understanding Our Genetic Inheritance. i
LThe U.S. Human Genome Project: The First Five Years
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Human Genome Project - Goals

construction of a high-resolution genetic map of the human
genome;

production of a variety of physical maps of all human
chromosomes and of the DNA of selected model
organisms;

determination of the complete sequence of human DNA and
of the DNA of selected model organisms;

development of capabilities for collecting, storing,
distributing, and analyzing the data produced,

USDOE. 1990.Understanding Our Genetic Inheritance.
The U.S. Human Genome Project: The First Five Years
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Human Genome Project - Goals

construction of a high-resolution genetic map of the human
genome;

production of a variety of physical maps of all human
chromosomes and of the DNA of selected model
organisms;

determination of the complete sequence of human DNA and
of the DNA of selected model organisms;

development of capabilities for collecting, storing,
distributing, and analyzing the data produced,;

creation of appropriate technologies necessary to achieve
these objectives.

USDOE. 1990.Understanding Our Genetic Inheritance.
The U.S. Human Genome Project: The First Five Years
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Infrastructure and the HGP

Progress towards all of the [Genome Project]
goals will require the establishment of well-
funded centralized facllities, including a stock
center for the cloned DNA fragments

generated in the mapping and sequencing
effort and a data center for the computer-based
collection and distribution of large amounts of
DNA sequence information.

National Research Council. 198Blapping and Sequencing the
Human Genoméa~Nashington, DC: National Academy Press. p.|3

\
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GenBank Totals(release 103)

DIVISION Entries Per Cent Base Pairs Per Cent

Phage Sequences (PHG) 1,313 0.074% 2,138,810 0.184%

Viral Sequences (VRL) 45,355 2.568% 44,484,848 3.834%

Bacteria (BCT) 38,023 2.153% 88,576,641 7.634%

Plant, Fungal, and Algal Sequences (PLN) 44,553 2.523% 92,259,434 7.951%
Invertebrate Sequences (INV) 29,657 1.679% 105,703,550 9.110%

Rodent Sequences (ROD) 36,967 2.093% 45,437,309 3.916%

Primate Sequences (PRI1-2) 75,587 4.280% 134,944,314 11.630%

Other Mammals (MAM) 12,744 0.722% 12,358,310 1.065%

Other Vertebrate Sequences (VRT) 17,713 1.003% 17,040,159 1.469%
High-Throughput Genome Sequences (HTG) 1,120 0.063% 72,064,395 6.211%
Genome Survey Sequences (GSS) 42,628 2.414% 22,783,326 1.964%
Structural RNA Sequences (RNA) 4,802 0.272% 2,487,397 0.214%
Sequence Tagged Sites Sequences (STS) 52,824 2.991% 18,161,532 1.565%
Patent Sequences (PAT) 87,767 4.970% 27,593,724 2.378%

Synthetic Sequences (SYN) 2,577 0.146% 5,698,945 0.491%

Unannotated Sequences (UNA) 2,480 0.140% 1,933,676 0.167%

EST1-17 1,269,737 71.905% 466,634,317 40.217%

TOTALS 1,765,847  100.000% 1,160,300,687 100.000%




Base Pairs in GenBank
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Base Pairs in GenBank
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Base Pairs in GenBank

87 8889 909192 93 94 95 96 97
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Growth in GenBank is exponential.

More data were added in the last te
600,000,000 | Weeks than were added in the first t
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ABI| Bass-o-Matic Sequencer
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What's Really Next

Thepost-genome era in biompcal
research will take fogranted reay
access to ge amounts oflenomic
data.

The challege will beunderstanding
those data and ugjrthe understandm
to solve real-worlgroblems...
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Base Pairs in GenBank
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Base Pairs in GenBankpPercent Increase
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Projected Base Pairs
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Projected Base Pairs
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Projected Base Pairs
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The Post-Genome Era

Post-genome research involves:

® applying genomic tools and knowledge to more
general problems

® asking new questions, tractable only to genomic
or post-genomic analysis

® moving beyond the structural genomics of the
human genome project and into the functional
genomics of the post-genome era
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The Post-Genome Era

Suggested definition:

® functionalgenomics = biolgy
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The Post-Genome Era

An early analysis:

shift in biology. Nature 349:99.

N

é )
Walter Gilbert. 1991. Towards a pargul

J
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Paradigm Shift in Biology

To use [the] flood of knowledge, which will pour
across the computer networks of the world,
niologists not only must become computer
iterate, but also change their approach to the
oroblem of understanding life.

Walter Gilbert. 1991. Towards a paradigm shift in bioloiyature 349:99. J—
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Paradigm Shift in Biology

The new paradigm, now emerging, Is that all the
‘genes’ will be known (in the sense of being
resident in databases available electronically),
and that the starting point of a biological
Investigation will be theoretical. An individual
scientist will begin with a theoretical conjecture,
only then turning to experiment to follow or test
that hypothesis.

Walter Gilbert. 1991. Towards a paradigm shift in bioloiyature 349:99. J—
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Paradigm Shift in Biology

4[ Case of Microbiolgy }

<5000 known and described bacteria

5,000,000 base pairs per genome

25,000,000,000 TOTAL base pairs

If a full, annotated sequence were available for all known bacteria, the pract
of microbiology would match Gilbert’s prediction.

ice
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Fundamental Dogma

DNA
/The fundamental dogma of molecular bio}qu RNA
IS that genes act to create phenotypes through l
a flow of information from DNA to RNA to _
proteins, to interactions among proteins Proteins
(requlatory circuits and metabolic pathways), l
and ultimately to phenotypes. _ _
Collect o Circuits
ollections of individual phenotypes, of
Qourse, constitute a population. / l
Phenotypes

'

Populations




Fundamental Dogma

Although a few databases already
to distribute molecular information,

ejd

st

Map DNA GenBank
Database$ ¢ EDI\SEIE
RNA
Proteins —
PDB ¢ Swnsjs;EROT
Circuits
Phenotypes
Populations
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Fundamental Dogma

Map DNA GenBank
Database$ l ED'\[/;EIE
Although a few databases already exist RNA (Deve 5
to distribute molecular information,  Gene Expressionf? l evelopmen
Proteins —
WISS
PDB l IR
~ : :
the post-genomic era will need many Circults |
more to collect, manage, and publish, (Regulatory Pathways? l [ Metabolism?
the coming flood of new findings.
L ) Phenotypes
[Clinical Data ?] l [Neuroanatomyj’
Populations
[ Biodiversity?] [ Molecular Epidemiology}>

[Comparative Genomic§?
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Electronic Data Publishing

P IR -- Beta Hemoglobin

G D B -- Beta Hemoglobin
"""""""""""""""" _"";;"""""' bin beta chain
O M | M -- Beta Hemoglobin e zee, pygmy
______________________________________________ gorilla

GenBank -- Beta Hemoglobin beta
______________________________________________ |OBIN--BETA LOCUS

LL ANEMIA,
DEFINITION [DEF] THALASSEMIAS, 00 ht 15867

globin region PE, ..] - |2
LOCUS [LOC] - lielelis
HUMHBB : :

a loci determine the Enzvme
ACCESSlON NO [ACC] ypeS Of pOIypeptlde :::::::::z::::: -\AEVATLAGLR\A/L?_
J00179 JO0093 J00094 JO0096 hoglobin, Hb A. By —_ ; e cranL
J00158 J00159 J00160 JO0161 sing heavy-labeled | el ey
KEYWORDS [KEY] Rl el * Semlal GLAHLDN

h _ _ found labeling of a Hindll ELHCDKL
Alu repetltl_v_e element; HPFH; H a group B chromo- Hphl
Kpnl repetitive sequence; RNA uded, incorrectly as it i L LGNVLVC
polymerase llI; allelic  beta-gamma-delta Ap T
variation; alternate cap site; on a group B AW |
su

p the zone of labeling
SEQUENCE chromosome than on
gaattctaatctccctctcactactgtctagt hich by this reasoning
atccctcaaggagtggtggctcatgtcttgag
ctcaagagtttgatataaaaaaaaattagcca
ggcaaatgggaggatcccttgagcgcactcca
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Electronic Scholarly Publishing

= © [N a @6 8 A &

Forward Stop  Refresh Home Search Faworit..  Frint Font kil

Address |http:f,’www.esp.urgf

=] ||/ Links

SPEESP

ECTRONIC
SCHOLARLY

FErLecTrRONIC SCHOLARLY PUBLISHING

Publication Collections
about |
help | Classical reprints of key papers from the early
Genetics  history of genetics (TEXT ONLY
version)
CREDITS |
Classical  reprints of key papers from the early
Genetics  history of genetics (HIGH
GRAPHICS version). NOTE: the
hioh oranphics version 18 under
4 although all
1eved from the

HTTP://WWW.ESP.ORG i

The ESP site is dedicated to the electronic publishing f
scientific and other scholarly materials. Of particular
interest are the history of science, genetics,
computational biology, and genome research.

t material firom a

-ints of
e presentations,
| mstructional materials, and data

Shortcut to browse1 htm
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Electronic Scholarly Pu

blishing

KI'heCIassicaI Geneticg
Foundationsseries
provides ready access
to typeset-quality,
electronic editions of
important publications
that can otherwise be

9 . ﬁ @ E2)s E?’

=
“ Back Fomward Stop  Refresh Home  Search Faworit.  Print

K

Font hdail

very difficult to find.

HAddress Ihttp:waw.esp.orgfgraphicsfhmwsm it j JJ Links
E S P Classical Genetics: Foundations Early Mendelism
ELECTRONIC
SCHOLARLY ~

PUBLISHING

N

(395 699 bertes; 41 pages, ho G2res)

Cregor Mendel 1862

y

Mendel Gregor. 1865, Experiments in
plant hybridization, Ferbandlungen des
Haturforschenden Vereines in Briinn,
Bd IV fiir das Jakr 1865,
Abhandlungen, 3-47.

In February and March of 1865, the Briitm
Natural History Society in Briinn,
Czechoslovakia, heard Gregor M endel
present the results of his investigations into
the mechanisms governing inheritance in pea
plants. The next wear, the wotk was
published as Mendel, Gregor. 1866,
"Wersuche tber Pflanzen Hybriden "
Verhandlungen des nafurforschenden
Feratnes in Briwm, 4.3-47.

In this remarkable work Iiendel established
the foundation for what later became the
scietice of genetics. Howeser, his work was
largely ignored when it appeared and Iendel
moved onto other things. He died in 1884,
never knowing that his experiments in plant
hyhiidization were of any consequence.

His work was rediscovered at the turn of the
cetitury and its significance immediately
recognized. Genetics, as a formal scientific
disciplinie, exploded into activity in 1900
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f“Hardy” (of Hardy-
Weinberg) is a name
well known to most

\students of biology.

Ewety geneticist has heard of the
Hardy-Weinberg Law and of
Hardy-Weinberg Equilibrivm, and nearly all
bagic biology texts teach that & H. Hardy
played a seminal role in founding population
genetics. But, what most biologists don't
realize iz that Hardy's tetal contribution to
biology consisted of a single letter to the
editor in Stlence. The letter began, J

I am reluctanf fo infrude in a discussion
concerning matters of which I'have ne
expert knowledge, and I should have
expected the very simple poinf which I wish
fo make fo have been familiar fo biologists.
However, some remarks of My, Udny Tule, fo
which Mr. R O Fuymeff has called my
affenfion, suggest that 1f may s8I be worfh
making.

With that, Hardy offered his " simple point"
and then washed his hands of biology. His
autobiography, A Mathemafician s Apology,
makes no mention of population genetics.
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/But how many have
read, or even seeall
of Hardy’s biological
writings?

This is it: A single,
one-page letter to the

editor ofScience
\_ j

JULY 10, 1908

DNSCUSSION AND CORRESPONDENCE

Mendelian Proportions in a Mixed Population

To The Bditor of Science; 1 am reluctant 1o intrude
in a discussion concerning matters of which 1 have
no expert knowledge, and 1 should have expected
the very simple point which T wish o make o have
been familiar o biologists, However, some remarks
of Mr. Udny Yule, to which Mr, K. C. Punnen has
called my attention, suggest that it may still be worth
making.

In the Proceedings of the Roval Sociery of

Medicine (Vol L. p. 165) Mr, Yule is reported to
have sugeested, as a criticism of the Mendelian
position, that if brachydaciyly is dominant “in the

course of time one would expect, in the absence of

counieracting factors, o get three brachydactylous
persons o one nocmal,”

It is not difficult o prove, however, that such an
expectation would be quite groundless, Suppose that
Aa 15 a pair of Mendelian characters, A being
dominant, and that in any given generation the
numbers of pute dominants (AA), heterozygoles
{Aa), and pure recessives (aa) are as p2gir Finally,
suppose that the numbers are fairly large, so that the
mating may be regarded as vandom, that the sexes
are evenly distributed among the three varieties, and
that all are equally fertile. A litle mathematics of the
multiplication-table type is enough w show that in
the next generation the numbers will he as

SCIENCE

N. 5. Vol XXVIIE:49-50

this proportion would alterwards have no endency
o decrease.

In a word, there is not the shightest foundation for
the idea that a dominant character should show a
tendency to spread over a whole population, or that a
recessive should tend o die oud,

I ought perhaps W add a few words on the effect
of the small deviations from the theoretical propor-
tions which will, of course, ocour in every genera-
tion. Such a distribution as p:2qg v, which satisfies
the condition ¢ = pr, owe may call a stable
distribution, In actual fact we shall obtain in the
seeond  generation not p2gor, but oa o slightly
different distribution g=2eg:r, which is not “stable.”
This should, according to theory, give us in the third
generation a “stable”  distribution po2gr, also
differing from g :2g:r; and sooon, The sense in
which the distribution p:2g :r, is “stable™ is this, that
i we allow for the effects of casual deviations in any
subsequent  generation, we should, according o
theory. obtain at the next generalion a new “stahle”
distribution differing bui slightly from the ornginal
distribution.

I have. of course. considered only the very sim-
plest hypotheses possible, Hypotheses other  that
[stc] that of purely random mating will give different
resulis, and, ol course, il, as appears o be the case
sometimes, the character is not independent of that
ol sex. or has an influence on fenility. the whole
question may be greatly complicated. But such com-
plications seem o be irrelevant o the simple issue

PR T, VP ¥ R S SRR .
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2nd Edition

BY CHARLES DARWIN

From The Harvard Classics Volume 29

Copyright, 1909

CREDITS P. F. Collier & Son, Mew York

Table af Contents
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Entire monographs can be made instantly available to readers world-wid
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KI'oday’s computer \
technology was nearly
unimaginable just ten
years ago. The technol-
ogy of ten years from
now will also bring
many surprises.

How is it that IT can
maintain such an
amazing rate of
sustained change?

And what, if any, are
the implications of that
rate of change for
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21st Centwy
Biology

The People




Human Resources Issues

® Reduction In need for non-IT staff
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Human Resources Issues

Increase in need for IT staff,gEcially
“Information ermgineers”
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Human Resources Issues

/In modern biology, a general trend is to
convert expert work into staff work and
finally into computation. New expertise |
required to design, carry out, and interpr t

continuing work.
% 9
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Human Resources Issues

Elbert Branscomb: “You must recgnize that
some dg you mg need as mancomputer
scientists as biofpsts inyour labs.”
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Human Resources Issues

Craig Venter: “At TIGR, we alreag have
twice as may computer scientists on our
staff.”

Exchange at DOE workshop on high-
Lthroughput sequencing. —
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New Discipline
of Informatics




What is Informatics?

Computer

Science |
Research - Informatics -

Biological
Application
Programs
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What is Informatics?

Informatics combines @ertise from:
® domain science (e.g., biology)
® computer science
® library science

® management science

{ All tempered with an engineering mindset}..—
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What is Informatics?

(D ) (Gm,) [ Mededl

\ ! ’

> @ >
TN

Mgt .. Other
- Engineering :
Science ( princip|es> Informatics

Computer
Science

Bio
Informatics
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Engineering Mindset

Engineering Is often defined as the use of
scientific knowledge and principles for practical
purposes. While the original usage restricted
the word to the building of roads, bridges, and
objects of military use, today's usage Is more
general and includes chemical, electronic, and
even mathematical engineering.

{Parnas, David Lorge. 199@omputer 23(1):17-22.] S—
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Engineering Mindset

Engineering Is often defined as the use of
scientific knowledge and principles for practical
purposes. While the original usage restricted
the word to the building of roads, bridges, and
objects of military use, today's usage Is more
general and includes chemical, electronic, and
even mathematical engineering.

{Parnas, David Lorge. 199@omputer 23(1):17-22.] S—

... Oor even information engineering
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Engineering Mindset

Engineering education ... stresses finding
good, as contrasted with workable, designs.
Where a scientist may be happy with a device
that validates his theory, an engineer is taught
to make sure that the device Is efficient,
reliable, safe, easy to use, and robust.

{Parnas, David Lorge. 199@omputer 23(1):17-22.] —
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Engineering Mindset

Engineering education ... stresses finding
good, as contrasted with workable, designs.
Where a scientist may be happy with a device
that validates his theory, an engineer Is taught
to make sure that the device Is efficient,
reliable, safe, easy to use, and robust.

[Parnas, David Lorge. 199@omputer 23(1):17-22.] —

The assembly of working, robust systems, on time and on
budget, Is the key requirement for a federated information

Infrastructure for biology.
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Informatics Triangle

MS @ MS
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Informatics Triangle
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Informatics Triangle
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Informatics Triangle
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What is Informatics?
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Information
Infrastructure




National Information Infrastructure
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digital

commercial non-commercial
uses uses
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@
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ODN Model

/

A recent NRC report, \
Realizing the Information
Future,laid out a vision of
an Open Data Network
model, in which any
iInformation appliance could
be operated over generic

networking protocoils...
\_ W

Layer 2 Transport Services and Open Bearer
Representation Standards Service Interface
(fax, video, audio, text, etc.) /

Layer 1 ODN Bearer Service

Network Technology
Substrate

‘ Point-to-Point
Circuits
- Direct
Broadcast
Satellites

Frame
Relay
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Public Funding of Databases

Stand-alone Criteria:
® |sthere a need?
® Will this meet the need?
® Canthey do it?

® s it worth I1t?
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Public Funding of Databases

Global Criteria:
® Does it adhere to standards?
®  Will it interoperate?
® Is there commitment to federation?

® s it worth I1t?
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Information Resources and the Gl

Guiding Principles:
® Global value explosion
® Componentry
® Anonymous interoperability
® Technical scalability
® Social scalabllity
® Value additivity
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Fundirg for
Bio-Information
Infrastructure




Call for Change

Among the many new tools that are or will be needed (for 21!

® bioinformatics

® computational biology

¢ transformation and transient expression technologies

® nanotechnologies

century biology), some of those having the highest priority are:

® functional imaging tools using biosensors and biomark

V)
fTI'

D

ers

Impact of Emerging Technologies on the Biological Sciences: Report of aﬂ i

WorkshopNSF-supported workshop, held 26-27 June 1995, Washington, |DC:
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The Problem

® |IT moves at “Internet Speed” and responds
rapidly to market forces.

\—4
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The Problem

® |IT moves at “Internet Speed” and respond
rapidly to market forces.

® |IT will play a central role in 21st Centur
biology.
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The Problem

® |IT moves at “Internet Speed” and respond
rapidly to market forces.

® |IT will play a central role in 21st Centur
biology.

® Current levels of support for public bio-
iInformation infrastructure are too low.
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The Problem

® |IT moves at “Internet Speed” and respond
rapidly to market forces.

® |IT will play a central role in 21st Centur
biology.

® Current levels of support for public bio-
Information infrastructure are too low.

® Reallocation of federal fundgs difficult,
and sulect to political pressures.
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The Problem

IT moves at “Internet Speed” and respond
rapidly to market forces.

IT will play a central role in 21st Centur
biology.

Current levels of support for public bio-
Information infrastructure are too low.

Reallocation of federal fundgis difficult,
and subpect to political pressures.

Federal-fundig decision processes are
ponderoust slow and inefficient.
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Federal Funding of Bio-Databases

The challenges:
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Federal Funding of Bio-Databases

The challenges:

® providing adeyuate fundig levels
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Federal Funding of Bio-Databases

The challenges:

® making timely, efficient decisions

136



I'T Budgets

A Reality Check




Rhetorical Question

Which is likely to be more complex:

® identifying, documenting, and tracking the
whereabouts ddll parcelsin transit in the US at
one time

® Identifying, documenting, and analyzing the
structure and function @l individual genes in
all economically significant organismsthen
analyzingall significant gene-gene and gene-
environment interactionsin those organisms
and their environments
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Business Factoids

United Parcel Service:

® uses two redundant 3 Terabyte (yes, 3000 GB))
databases to track all packages in transit.

® has 4,000 full-time employees dedicated to IT
® spends one billion dollars per year on IT

® has an income of 1.1 billion dollars, against
revenues of 22.4 billion dollars
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Business Comparisons

Company Revenues IT Budget Pct
Chase-Manhattan | 16,431,000,000 1,800,000,000 | 10.95 %
AMR Corporation | 17,753,000,000 1,368,000,000 1.71 %

Nation’s Bank | 17,509,000,000 1,130,000,000 6.45 %

Sprint| 14,235,000,000 873,000,000 6.13 %

IBM | 75,947,000,000 4,400,000,000 5.79 %

MCI| 18,500,000,000 1,000,000,000 5.41 %

Microsoft | 11,360,000,000 510,000,000 4.49 %

United Parcel | 22,400,000,000 1,000,000,000 4.46 %
Bristol-Myers Squibb | 15,065,000,000 440,000,000 2.92 %
Pfizer| 11,306,000,000 300,000,000 2.65 %

Pacific Gas & Electric| 10,000,000,000 250,000,000 2.50 %
Wal-Mart | 104,859,000,000 550,000,000 0.52 %

K-Mart| 31,437,000,000 130,000,000 0.41 %
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Federal Funding of Biomedical-IT

Appropriate funding level:
® approx. 5-10% of research fundjn

® l.e, 1 - 2billion dollarsperyear

/Source of estimate: =
- Experience of IT-transformed industries.
- Current support for IT-rich biological research.

\_ _/
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Conference on

BIOLOGICAL INFORMATICS
6-8 July 1998

Australian Academy of Science, Canberra, Australia




Conference on Biological Informatics

Conference Sessions

Overview of Biological Informatics
Biodiversity Informatics
Environmental Informatics
Molecular Informatics

Medical / Neuroinformatics
Teaching and Training in Informatics




Extras




Slides:

http://www.esp.or g/rjr/canberra.pdf
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Basics

Business 101




Market Forces

meet those needs.

need at a reasonable price.

\o

/In a simple market economy, vendors try to anticipzﬁ,
the needs of buyers and offer products and services [0

Real users decide whether or not to buy a product or
service, depending upon whether or not it meets a regl

1=

J

/Business 101 Insight:

\_

N

Successful vendors target a
niche and excel at meeting the
needs of that niche.

W

Vendors

products
purchases @ services

Buyers
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Market Forces

/Funding to initiate the developme%
of products and services come from
Investors, not from buyers.

Investors decide whether or not to
provide start-up funding based upor
the estimated ability of the vendor t
create products and services that w

Venture
Capital

Vendor
Investment

Stock
Offerings

N

purchases @

Vendors

Buyers

i

meet real needs at competitive priﬁ.

products
services
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Federal Funding

moiological databases were dr@
by market forces, individual users
would choose what services they
need and individual database
providers would choose what
services to make available.

Investors would provide start-up
money on the likelihood of
successful products and services
being developed.

Ultimate success would depend on
meeting the needs of real users.

Decisions could be made rapidly, in
response to changing needs and

@erging opportunities. /

Investors

Database

purchases @

Users

products
services
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Federal Funding

supported biological databases can
follow a ponderously slow course,
with almost no opportunity for real-
time input from real users.

Even with the best of intentions at &
levels, this process is slow,

iInefficient, risk-averse, and non-
responsive to the real and changing

mstead, funding decisions for grzﬁ%—

\needs of users. /

Congress

——— >

Reviewers

Database
Advisors

Database [<«<———

products
services

Users
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Federal Funding of Bio-Databases

Possible solutions:

® Increase the direct support of federal service
organizations providing information
Infrastructure €.g, NCBI).

® reduce support for investigator-initiated, grant-
funded public database projects.

® create market forces, initially through
subsidization, later simply through direct suppaort
for affected sciences(g, NSFnet into internet).
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Federal Funding of Bio-Databases

Creating market forces:

® stop supporting the supply side of biodatabaseas
through slow, inefficient processes.
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Federal Funding of Bio-Databases

Creating market forces:

® start supporting the demand side through fast,
efficient processes.
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Federal Funding of Bio-Databases

Creating market forces:

® provide guaranteed supplementary funding,
redeemable only for access to bio-databases.
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Federal Funding of Bio-Databases

Creating market forces:

® stop supporting the supply side of biodatabas
through slow, inefficient processes.

® start supporting the demand side through fast,
efficient processes.

® provide guaranteed supplementary funding,
redeemable only for access to bio-databases.

® data stamps
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Federal Funding of Bio-Databases

Creating market forces:

® stop supporting the supply side of biodatabas
through slow, inefficient processes.

® start supporting the demand side through fast,
efficient processes.

® provide guaranteed supplementary funding,
redeemable only for access to bio-databases.

® data stampd KA food (for-thought) stamps’!
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Food (for thought) Stamps

Funding Agencies could:

® provide a 10% supplementévery research
grant in the form of “stamps” redeemable only jat
database providers.

¢ allow the “stamps” to be transferable among
scientists, so that a market for them could
emerge.

® provide funding only after the stamps have been
redeemed at a database provider.
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Food (for thought) Stamps

Problems:

® how to estimate the amount of FFT stamps that
would actually be redeemed (and thus the
required budget set-aside).

® how to identify “approved” database providers.
® how to initiate the FFT system.

® etcetc
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Food (for thought) Stamps

Alternatives (if no solution emerges):

® Increasingly inefficient research activities (abject
failure will occur when it becomes simpler to
repeat research than to obtain prior results).

® Joss of access to bio-databases for public-sector;
research.

® movement of majority of “important” biological
research into the private sector.

® |loss of American pre-eminence (if other
countries solve the problems first).
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